Application of a Harpenden caliper to a neonate's skinfold results in an exponential decline of the skinfold thickness, stabilizing within 50-60 sec. In order to elucidate the meaning of this decline, simultaneous measurements of skinfold thickness (SFT, by Harpenden caliper connected to a chart recorder), corrected bromide space (CBS, in ml/kg), plasma volume (ml/kg, by T-1824 dilution) and interstitial water (IW, in ml/kg = CBS-plasma volume) were obtained in 18 term and 18 preterm neonates. Skinfold thickness was measured at the midtricipital (MT) and subscapular (SS) sites. The magnitude of SFT decline was estimated as the difference between 0-60 sec readings expressed in % of 0 second reading (%ASFT). The rate of SFT decline was estimated as the slope of the semilogarithmic plot from 4-20 sec after caliper application (SASFT).
Summary
Application of a Harpenden caliper to a neonate's skinfold results in an exponential decline of the skinfold thickness, stabilizing within 50-60 sec. In order to elucidate the meaning of this decline, simultaneous measurements of skinfold thickness (SFT, by Harpenden caliper connected to a chart recorder), corrected bromide space (CBS, in ml/kg), plasma volume (ml/kg, by T-1824 dilution) and interstitial water (IW, in ml/kg = CBS-plasma volume) were obtained in 18 term and 18 preterm neonates. Skinfold thickness was measured at the midtricipital (MT) and subscapular (SS) sites. The magnitude of SFT decline was estimated as the difference between 0-60 sec readings expressed in % of 0 second reading (%ASFT). The rate of SFT decline was estimated as the slope of the semilogarithmic plot from 4-20 sec after caliper application (SASFT).
The 36 neonates whose birthweights ranged from 620-3700 g and whose gestational ages ranged from 27-41 wk were studied within 12 h of birth. Mean CBS, IW, %AMT, %ASS, SAMT and SASS were higher in preterm than in term neonates (P < 0.001).
Mean plasma volume was higher in preterm neonates (P = 0.009), but the difference disappeared after exclusion of six polycythemic term neonates from the calculations. The magnitude of SFT decline correlated well with both CBS (%AMT versus CBS: r = 0.71 and %ASS versus CBS: r = 0.71) and IW (%AMT versus IW: r = 0.71 and %ASS versus IW: r = 0.70). The rate of decline correlated moderately but highly significantly with both CBS (SAMT versus CBS: r = 0.50 and SASS versus CBS: r = 0.42) and IW (SAMT versus 1W: r = 0.51 and SASS versus IW: r = 0.43). Exclusion of five neonates less than 30 wk in gestation improved the correlations with both %ASFT and SASFT.
These data suggest that the decline in SFT measurements after caliper application results from the expression of subcutaneous IW from the skinfold and that both the amount of water expressed and the rate of its expression increase linearly with the amount of extracellular and IW in the body.
Speculation
Both the magnitude and the rate of skinfold thickness compressibility or expressibility appear to be intimately related to extracellular and interstitial water contents of the neonatal body. Dynamic skinfold thickness measurements may therefore be noninvasive estimates that are representative of body hydration and that may be used in research on neonatal body composition as well as clinically to evaluate hydration status of sick neonates.
Skinfold thickness measurements are commonly used in anthropometric studies. Our earlier data indicated that in neonates a rapid decrease in measured skinfold thickness occurred after application of a Harpenden caliper, but that readings stabilized by 60 sec (3) . We speculated that the difference between the 15-and 60-sec readings, expresed in % of the 15-sec reading, provided a noninvasive estimate of subcutaneous interstitial water. In order to define the relationship between decrease in skinfold thickness and body water contents, a Harpenden caliper was modified to provide a continuous tracing of skinfold thickness on a chart recorder. Simultaneous &infold thickness, extracellular and interstitial water estimates were obtained.
MATERIALS AND METHODS
Thirty-six neonates were studied within 12 h of birth with their parents' consent. They were selected at random from those neonates who required umbilical vessel catheterization either for aterial blood gas monitoring or for determination of umbilical venous hematocrit to confirm or rule our neonatal polycythemia (10) . Birthweights were measured to the nearest 10 g. Gestational ages were calculated from the mother's menstrual history, often but not always checked by sonographic determination of biparietal diameter, and confirmed by physical examination of the neonate (6) . A gestation of less than 37 wk defined prematurity. Normal intrauterine growth was defined by a birthweight between the 10th and 90th percentiles for gestatinal age, sex, and race. Intrauterine growth retardation was defined by a birthweight below the 10th percentile. Separate birthweight-gestational age tables were used far white Latin-American (Gibbs, unpublished data), white Anglo-American (8) and black (8) neonates.
Skinfold thickness was measured at the midtricipital (MT) and subcapsular (SS) sites with a Harpenden caliper (13) as previously described (3). Instead of obtaining measurements exactly 15 and 60 sec after application of the caliper, skinfold thickness was recorded on a chart during at least 60 sec from the time of caliper application. A Harpenden caliper and a Cole Palmer model 8376-10 linear chart recorder (14) were modified to product continuous recordings of skinfold thickness ( Fig. 1 and 2) . A linear motion potentiometer was mounted to the right jaw of the caliper while the sliding contact was connected to the left jaw. This contact was adjusted mechanically to the zero point of the linear motion potentiometer. As the jaws were opened, the slider moved across the linear motion potentiometer, causing an increasing voltage to be applied to the recorder input. The voltage was derived from a resistance network connected across a +5 volt source provided by the chart recorder supply and varied proportionally with distance between the jaws of the caliper. The resistor network consisted of a 30 kilo-ohm potentiometer for span adjustment, a 10 kilo-ohm linear motion potentiometer, and a 2 kilo-ohm potentiometer to counteract nonlinearity of the linear motion potentiometer due to arching of the caliper jaws. A "normally-closed" microswitch, connected in series with the voltage supply, was mounted on the trigger of the caliper. Its function was to break the power connection when pressure was applied to open the jaws of the caliper.
This prevented overloading the recorder input when the caliper was opened and allowed a more sensitive setting to be chosen on the recorder. The decline in skinfold thickness with time ( Fig. 3) was estimated in magnitude and rate. The magnitude of the decline was estimated as the difference between the 0-and 60-sec readings expressed as % of the 0-sec reading (%AMT and %ASS). The rate of decline was estimated by the slope of the decline curve on semilogarithmic plot, from 4-20 sec after caliper application (SAMT and SASS).
Corrected bromide space (extracellular water) and plasma volume (lo-min albumin space with T-1824 as the albumin tag) were estimated simultaneously after intra-arterial or intravenous injection via an intravascular catheter of a sterile solution containing 3.9 g/dl of bromide (sodium salt) (15) 
of T-1824 were injected. Bromide concentrations were determined in triplicate on the injectate solution and on plasma samples obtained before and 1 h after injection of the marker by a microadaptation of Wolf and Eadie's technique (12) . The corrected bromide space was calculated using the following formula:
Corrected bromide space --Amount of bromide injected 1-h plasma bromide concentration where 0.90 corrects for an estimated 10% intracellular bromide (5), 0.95 corrects for the Donnan equilibrium and 0.934 corrects for the proportion of water in plasma (4). Concentrations of T-1824 were determined in triplicate on the injectate solution and on plasma samples obtained before and exactly 10 min after injection of the marker by a double wavelength technique (2). Interstitial water was assumed to be the difference between corrected bromide space and plasma volume. Volumes were expressed in ml per kg of body weight.
Statistical analysis was performed by means of Student's t test and regression analysis.
RESULTS
Of the 35 neonates who were studied, 23 were boys and 13 were girls (Table 1 ). All but five were of Latin-American ethnic background, four were white Anglo-American and one was black. Birthweights ranged from 620-3700 g; 19 neonates were less than 2500 g, six were less than 1500 g and five were less than 1000 g. Gestational ages ranged from 27-41 wk; there were 18 term and 18 preterm neonates. Of the preterm babies, five were less than 30 wk. All but one neonate were normally-grown and one term baby was growth retarded in utero. Postnatal age at the time of study ranged from 1.5-1 1.5 h; 18 neonates were 6 h or less, only five were 10 h old or more.
Results of the variables studied are summarized in Table 2 . Mean (fS.D) corrected bromide space (CBS) estimates were significantly higher in preterm than in term neonates (640 + 70.7 ml/kg versus 504 + 80.1 ml/kg, P < 0.001). Although mean plasma volumes were higher in preterm than in term neonates (52 f 5.8 ml/kg versus 47 + 6.0 ml/kg, P = 0.009), this difference disappeared when values from six polycythemic term neonates, whose plasma volumes are known to tend to be lower than in their normocythemic peers (2), were excluded from calculations (52 + 5.8 ml/kg versus 49 f 5.8 ml/kg). Mean intestitial water (IW) estimates were also higher in preterm neonates (590 + 59.6 ml/kg versus 457 f 79.8 ml/kg, P < 0.001). Decreases in skinfold thickness measurement, estimated both in magnitude and in rate, were on the average greater for preterm neonates. Mean %AMT were 35 f 8.9% for preterm and 23 + 4.5% for term neonates (P < 0.001) and mean %ASS were 39 f 7.4% and 23 f 6.2%, respectively ( P < 0.001). Mean SAMT x lo4 was 45 f 15.3 for preterm babies and 27 f 9.8 for term neonates ( P < 0.001), whereas mean SASS x 10' was, respectively, 46 f 13.9 and 29 f 14.9 (P < 0.001).
As shown in Figure 4 , declines in skinfold thickness measurements correlated linearly with CBS estimates. Excluding skinfold thickness and CBS values from neonates who were less than 30 w of gestation increased the correlation coefficients and decreased the S,.,. Although all correlation coefficients were statistically highly significant, the correlation was better for the magnitude of decline, %AMT (r = 0.71) and %ASS (r = 0.71) than for the rate of decline, SAMT (r = 0.50) and SASS (r = 0.42).
Declines in skinfold thickness measurements also increased linearly with IW estimates (Fig. 5) . Again, the correlations were improved by excluding neonates of less than 30 wk gestation. The magnitude of decline, %AMT (r = 0.71) and %ASS (r = 0.70), correlated better with IW than the rate of decline, SAMT (r = 0.51) and SASS (r = 0.43).
The various estimates of decline in skinfold thickness measurements correlated well with each other: SAMT x lo4 = 1.23 %AMT + 0.8 SASS X lo4 = 1.15 %ASS + 1.8 r = 0.69 ( P < 0.001) S,., = 12.0 DISCUSSION Skinfolds contain a double layer of skin and subcutaneous tissues. Their thickness has been commonly equated to that of subcutaneous fat (3). This implies that the double skin thickness is negligible in relation to the total skinfold thickness-an assumption that is certainly not warranted in preterm neonates (Shanklin, personal communication, 1974) . Several investigators have noted some decline in skinfold thickness (SFT) readings after application of a Harpenden caliper in children and adults. Fletcher (7) recorded cinematographically a 3-9% decline over a 2-5-sec period. Booth et al. (1) mentioned waiting for all needle movements to cease before taking a reading. Orpin and Scott (9) observed an initial rapid phase of needle movement and read the SFT when the movement had stopped. No explanation of the decline was attempted by these investigators. In an earlier study, we demonstrated a rapid exponential decline of SFT measurements under decline with either CBS or IW improved when neonates less than 30 wk of gestation were excluded. This was probably related to the difficulty of securing a large enough skinfold in tiny babies for the caliper to grip and to the possibility that the skinfold contained little or no subcutaneous matter. Calipers with smaller end plates need to be designed for use in less mature neonates.
In conclusion, our data suggest that dynamic skinfold thickness measurements might be indicative of body hydration in neonates and might in some clinical situations replace the more invasive dye-dilution techniques. The magnitude of decline in skinfold thickness (%ASFT) correlates better with corrected bromide space and interstitial water (r = 0.70-0.71) than the rate of decline (SASFT, r = 0.42-0.51) and would therefore appear to be more useful clinically. With 95% confidence limits of +150 ml/kg for the prediction of corrected bromide space and interstitial water from %ASFT and 95% confidence limits of +200 ml/kg for the prediction from SASFT, the technique is qualitative rather than quantitative. Serial measurements could be expected to be of greater clinical value than single determinations. Further speculation on the clinical significance of the technique must await serial data and data obtained in edematous or dehydrated neonates. 
